Recently the stereoselective synthesis of 4.5dihydroxy-2-alkene esters was realized, starting with readily available enantiopure allyltc alcohols that contain a protected secondary alcohol function at Ch and using the photo-induced rearrangement of a,P-epoxy diazomethyl ketones".
The photo-Induced rearrangement of a,fi-epoxy diazomethyl ketones in an alcoholic solvent is a convenient synthetic route to 4-hydroxy-2-alkene esters (scheme 1)'. The chiral integrity of the stereogenic center at the b-carbon atom of the epoxide function is retained in the product and therefore 4-hydroxy-2-alkene esters with defined stereochemistry at the Cd carbon atom can be prepared'. This synthetic methodology was uttltzed for the total synthesis of a series of natural products. viz. aspicilin', colletallol", pyrenophoro?, patulolid C'.' and isopatulolid C' and also for the macrocylic subunit of cytochalasin B8. Hydrogenation of the 4-hydroxy-2-alkene esters gives y-hydroxy carboxylic esters. which readily give ring closure to yield enantiopure y-lactones'. This method has successfully been applied m the synthesis of the naturally occurring y-lactone rubrenolide"'.
R-OH Sharpless R&-OH epoxidation * 0 OH M.P.M. vAN AAR eta1 An attractive extension of the sequence of reactions depicted in scheme 1 would be if the starting allylic alcohol could be prepared from a 4-hydroxy-2-alkene ester which is synthesized by the same methodology from a simple achiral allylic alcohol. The proposed sequential use of the Sharpless epoxidation" is depicted in scheme 2.
OH chemical -R+,,b& &+ I)&,(', ;:;;;;;k transformation ij Scheme 2 This sequence of reactions has the attractive feature that the stereochemistry of the respective stereogenic centers in the ultimate product can be controlled at will simply by choosing the right chiral inductor in the sequential Sharpless epoxidations. 4,5-Dihydroxy-2-alkene esters can also be obtained by employing the Sharpless asymmetric dihydroxylation'3 using an osmium containing reagent. However, with this methodology the newly introduced alcohol functions at adjacent carbon atoms always have a syn relationship. Besides this, the asymmetric dihydroxylation of a cis-alkene does not proceed with high enantiomeric excessi4. The proposed scheme 2 has the advantage of being completely flexible.
The strategy depicted in scheme 2 was applied in the total synthesis of the naturally occurring y-lactone (4R,SR)-muricatacin I " and its unnatural (4R,5S) diastereomer 2. In the last few years muricatacin 1 has been the subject of several synthetic studies16. However. none of these routes is a general synthetic method to A R A s HO : ClzHzs H i CIZHZs ri Hi, (4R,SR)-muricatacm 1 (4R.5S) diastereomer 2 enantiopure 6-hydroxy-y-lactones. The so-called 'L-factors"'.", which also are Ghydroxy-y-lactones, demonstrate the importance of these types of compounds as targets for the evaluation of new synthetic methods.
The retrosynthetic analysis of natural (4R,SR)-muricatacin, which makes use of the strategy shown in scheme 2. is presented in scheme 3. In principle, the lactone can be obtained from a 4,5-dihydroxy-2-alkenoate with the Cs alcohol function selectively protected. The same retrosynthesis holds for the unnatural (4RSS)-diastereomer, the only difference being the choice of the chiral inductor in the first Sharpless epoxidation.
Synthesis of (4R,SR)-muricatacin
The actual synthesis ~j outlmed tn scheme 4. The required starting allylic alcohol 3 was readily obtained by a chain elongation of dodccyl bromide wtth the three-carbon unit of propargyl alcohol and subsequent reduction of the triple bond with LiAIHd'. Asymmetric epoxrdation of allylic alcohol 3 using D-DET as chiral inductor resulted in epoxy alcohol 4a with the (2R.3R) configuration. This alcohol was converted into the corresponding carboxylic acid 5a by a two-step procedure involving first the Swem oxidation" to the aldehyde and subsequently oxidation with sodium chlorite"' to the acid. Diazomethyl ketone 6a was prepared by a standard serves of operations'. Irradiation of this diazo compound in ethanol gave the 4-hydroxy-2-alkene ester, which was silylated to derivative 7a. The ester thus obtained was reduced with DIBAL-H to give the allylic alcohol 8a for the second Sharpless epoxidation. It should be noted that this epoxidation was only successful when allylic alcohol 8a was added to the reaction mixture prior to rurt-butyl hydroperoxide. Reversed addition gave no epoxidation at all. With comparable allylic alcohols, all containing an alkoxy group at Cd, the same procedure was used In literature". The oxidation of epoxy alcohol 9a was carried out with ruthenium tetroxtde" to give the corresponding carboxylic acid in one step. Under these oxidation conditions the silyl ether protecttng funcoon turned out to be stable. The oxidation used in the first part of the sequence, namely the Swern oxidation. gav'e poor results. The carboxyhc acid was converted into epoxy diazomethyl ketone 10a in the usual manner'. which then was subjected to irradration in ethanol as the solvent. The resulting alkene ester lla was then hydrogenated by using P-2 Nickel as the catalyst. The alkene ester was added to a solution of f\i~(OAc): in ethanol. followed by the addition of-a NaBHdethanol solution. It was possible to perform this reductron of alkene ester lla as obtained from the irradiation reaction, without additional purification and wtthout a hydrogen atmosphere. During the reduction of the carbon double bond in lla partial lactonization to 12a was observed. This lactonization was completed by treatment of the lactone/ester mixture with ptoluenesulfonic acid m benzene. Finally silyl ether 12a was deprotected to give the desired (4R,SR)-muricatacin 1. m.p. 72.5.73°C and [o]"r, ) . These physrcal data as well as the spectral features ('H-NMR. "C-NMR, IR. MS) were identical with those reported for the natural (4R,5R) product'6a.b.r.f.g. The same sequence of reactions was used to prepare the unnatural (4R,5S) diastereomer. The essential difference was the chiral inductor in the first Sharpless epoxidation, for which now L-DET was chosen. The unnatural diastereomer obtained in this manner has a m.p. of 7 1572°C and an [a] 'so of -13.6" (c = 0.4 in CHCI?).
The 'H-NMR spectrum of this diastereomer differs in only one signal, namely that of the Cs proton:
Synthesis of (4K,SR)-muricatacin 11227 (4R,SR)-muricatacin has a multiplet at 3.58 ppm, the (4RSS)-compound at 3.93 ppm. "C-NMR, IR and MS spectra show the same characteristics.
It is important to note that the imtially introduced stereogenic center does not influence the asymmetric induction during the second Sharpless epoxidation. In neither the natural nor the unnatural diastereomer could any of the other epimer be detected in the 'H-NMR spectrum.
The strategic sequential use of two Sharpless epoxidations in combination with epoxy diazo ketone chemistry constitutes a flexible synthesis of Ghydroxy-y-lactones as illustrated by the synthesis of (4R,.5R)-muricatacin and its (4R..5S)-epimer. By choosing the appropriate chiral inductor in the respective epoxidation reactions the chirality of both stereogenic centers can be selected at wish. In principle, this methodology can be extended to the introduction of several contiguous chiral centers to produce, for instance, homochiral polyhydroxylated compounds. However. the disadvantage then will be that the method is a linear synthesis and therefore the ultimate yield is strongly affected by the number of steps. To a mechanically stirred solution of lithium (100 mg) in liquid ammonia (500 ml, under nitrogen at -35'C),
EXPERIMENTAL SECTION
were added a few crystals 01. Fe(NOj)j.9H20. followed by finely cut lithium (6.45 g, 0.90 mol) in small portions over 25 min. After the mixture turned gray, it was stirred for another 30 min. Distilled propargylic alcohol (25.30 g, 0.45 mol. dissolved in 26 ml of dry THF) was added over 20 min. followed by stirring for 90 min. Dodecyl bromide (72.25 g. 0.30 mol), dissolved in THF (73 ml), was added in 1 h. The mixture was stirred overnight to ev'aporate the ammonia. After adding water (400 ml) and ether (400 ml), and stirring for 30 min the layers were separated and the aqueous layer was extracted with ether (3x). The combined organic layers were dried (MgSOd) and concentrated under reduced pressure, giving crude alkynol (72.03 g), which was distilled in vuuo (p 1.0 mm Hg. cooling with warm water). The fraction, boiling at 138-140°C was collected, which To a stirred solution of freshly distilled oxalyl chloride (4.98 ml, 57 mmol) in dry dichloromethane (150 ml) at -78'C was added under nitrogen dimethyl sulfoxide (9.8 ml, 150 mmol dissolved in 60 ml of dry dichloromethane). The white suspension was stirred for 15 mitt, after which alcohol 4a was added (12.0 g, 49.6 mmol as solution in dichloromethane/dimethyl sulfoxide 9: 1 (200 ml)), giving a clear solution. This solution was added in 8 min (slower addition gave lower yields). Stirring for 90 min was followed by addition of diisopropylethylamine (36.0 ml, 275 mmol). The mixture was allowed to reach room temperature, after which it was washed with water. The organic layer was successively extracted with 1% HCl, 5% Na2COX and brine. After drying (MgS04) the mixture was concentrated in VUCUO, yielding the crude aldehyde (12. (2S,3R)-2,3-epoxy-pentudecunoic czcid (Sa): Employing literature procedures"' crude glycidic acid 5a was synthesized in a total yield of 90%. The reaction mixture became cloudy after adding a NaC102/NaH2POJ-solution.
After stirring overnight the mixture was concentrated to 350 ml (white suspension). Then work-up proceeded according to the literature2'. 'H-NMR (16), 123 (26), Ill (40). 109 (45), 97 (69), 95 (68), 83(X1 ), 81 (54). 69 (91) 67 (40), 57 (100). 55 (79), 43 (95). 41 (88). The crude product was immediately converted into diazo ketone 6a.
12R,3S)-2.3.epnxv-pentadecanoic mid (5b):
Compound 5b was synthesized according to the procedure for compound Sa. Yield: 80% of crude glycidic acid Sb. 'H-NMR. IR and MS are the same as for the (2S.3R)-enantiomer.
Crude glycidic acid Sa (7.4 g) was dissolved m dry ether (200 ml) under nitrogen at 0°C. Iso-butyl chloroformate (3.18 ml. 25 mmol) was added, followed by dried triethylamine (5.26 ml, 38 mmol). A white solid appeared, which was filtered off (under nitrogen) after I h of stirring. To the filtrate was added an ethereal 0.3 M diazomethane solution (250 ml). After stirring overnight, excess diazomethane was evaporated and the mixture was concentrated in WKUO. to give crude diazo ketone 6a as a yellow solid (8.48 g). Chromatography Employing the procedure for compound 6a. epoxy diazo ketone 6b was prepared in a total yield of 50%, starting from epoxy alcohol 4b. 'H-NMR. 1R and MS are the same as for diazo compound 6a.
Ethyl E-(RJ-4-tert-but~ltiimeth~lsi!\:lo.u~-he.~adec-2-enoate
Diazo ketone 6a (4.0 g. 14.3 mmol) was dissolved in nitrogen-flushed absolute ethanol (I I) and irradiated at 300 nm under nitrogen. The progress of the reaction was monitored by IR (disappearance of the diazo peak). (100) 73 (27). 43 (8). The crude reaction mixture was dissolved in dimethylformamide (80 ml) under nitrogen, Imidazole was added (2.43 g, 35.8 mmol), followed by a solution of tert-butyldimethylsilyl chloride (TBDMSCI, 4.31 g, 28.6 mmol) in DMF (70 ml) and a few crystals of N,N-dimethylaminopyridin (DMAP). The mixture was stirred overnight. Water (100 ml) was added. followed by extraction with ether (3x). The combined organic layers were washed with brine and water. After drying (MgSOh), the mixture was concentrated in vucuo to give the crude product (5.54 g). This was chromatographed (hexane/ethyl acetate 6: I), yielding protected unsaturated ester 7a as an oil (3.04 g, 55%). Ester 7a (I .9 g. 4.6 mmol) was dissolved in dry ether (75 ml) under nitrogen at 0°C. A DIBAL-H solution in hexane was added using a syringe (9.2 ml of a I.0 M solution). After I h the ester was consumed (TLC) and NaS04.1 OH20 was added until no further reaction took place. Stirring for I h was followed by filtration over hyflo. The residue was washed with warm ether (2x). The combined filtrates were washed with water. After drying (MgS04) the solvent was evaporated in vacua, yielding crude alcohol ( 97(21j.95(30j.83(27j.81 (29),75(98).73(68),57(41).55(27),43(48),41(47) .
(3R.4R,5RI-S-trrt-ht~~ld~tn~t~~.~l.~il~io.~~-3,4-ep~~.~~-I-diu~o-heptadecitn-2-one (10a): Epoxy alcohol 9a (500 mg. I .3 mmolj was dissolved in a mixture of acetonitrile (5 ml), tetrachloromethane (5 ml) and water (7.5 ml). Sodium metaperiodate (0.9 g, 4.2 mmol) and a catalytic amount of RuCl?.xHtO was added. The black mixture was stirred until the alcohol was consumed (TIC, 90 minj. After adding dichloromethane (10 ml) the layers were separated and the aqueous layer was washed with dichloromethane (3x). The combined organic layers were dried (MgSO? j and concentrated in vacua. The resulting oil was taken up into dry ether (40 mlj under nitrogen at 0°C and iso-butyl chloroformate (162.5 ~1, 1.3 mmol) was added, followed by triethylamme (262.2 ~1. I.9 mmol). The mixture was stirred at room temperature for 1 h, after which the solid was filtered off. To the filtrate was added a 0.3 M diazomethane solution in ether (15 ml) and the mixture was stirred for 1 h. Evaporation of excess diazomethane followed by concentration in vacua gave a dark oil. which was chromatographed (hexane/ethyl acetate 4: I), to give pure epoxy diazo ketone 1Oa as an oil 
